It has long been recognized that ecological dynamics is essentially spatial. Population aggregation that can be either self-organized or induced by heterogeneity in the environment is a commonly observed phenomenon. Spatial patterning has a variety of implications for biodiversity, harvesting, pest control, species extinction, and nature conservation. Dispersal is the process that results in a coupling between local populations and thus integrates them at a global level into an ecological entity. The properties of the entity can be very different from the properties of its parts. Thus it is important for us to know how to correctly interpret at the macroscopic level behavior at the local level if we are to determine how the entity behaves.
The approaches to study dispersal can differ greatly in terms of their focus and the level of detail involved. According to a commonly accepted definition, dispersal is the movement of organisms away from their parent source. The primary focus of dispersal is therefore on individual animal movement. Correspondingly, the focus of research is on individual movement paths and the most detailed description of dispersal should include all necessary information about the individual movement pattern.
However, this comprehensive description of dispersal is neither always possible nor always necessary. Once the state of the system is described by mean-field variables, e.g., by the population densities, information about individuals is lost. In fact, it is not required: Once the dispersal kernel is known, mathematical models are capable of grasping essential features of the population dynamics. Biological invasion is one example where application of population-level models has been particularly successful. One of the advantages of the population models is that they appear to be analytically more tractable than individual-based models allowing a fuller classification of different types of behavior in parameter space.
The most interesting part of the story is probably the bridge between the two "extremes." How can we derive the equations of the spatiotemporal population dynamics from the properties of the individual animal movement? Can we combine the benefits of the two approaches? What pattern of individual movement is behind a particular population dynamics model? One should recall here that population models are usually obtained from empirical or heuristic arguments rather than ix x Preface derived from first principles. Mathematical rigor is often lacking in this approach and, as a result, the empirical models may have hidden pitfalls and caveats that are difficult to identify. For example, implicitly assumptions may have been made that are erroneous or inconsistent with each other.
The structure of this book follows the general logic of dispersal studies outlined above. Part I (Chaps. 1-3) is concerned with individual animal movement. This subject has been increasingly controversial, sometimes even resulting in rather heated debates. Classical studies assumed that the individuals move around in a diffusive manner, i.e., a random walk process known as Brownian motion where the step length/size is described by a normal or exponential distribution effectively suppressing long steps. However, over the last two decades there has been increasing evidence that this might not always be the case. Indeed, field and laboratory data often show a rate of decay in the step size distribution which is much slower than exponential, e.g., as a power law. Correspondingly, stochastic processes such as Levy flights and/or Levy walks were introduced to take into account the long jumps in order to describe and analyze data on animal movement. However, the biological relevance of the Levy statistics still remains a controversial issue as it is not always clear whether it is a genuine pattern of the individual movement or an artifact of data collection and processing. The chapters in Part I contribute to this discussion and partially reflect this controversy by providing different points of view of the subject.
Part II (Chaps. 4-8) considers how the properties of individual movement can be scaled up to the population level. It starts with a review of mathematical models of self-organized population patterning with an emphasis on interaction and communication between the individuals (Chap. 4). Chapter 5 gives an overview of hybrid approaches that attempt to incorporate individual-based description to population-level models by considering movement of discrete objects (e.g., animals) in a continuous environment, chemotaxis being used as a paradigm. A different type of hybrid model is studied in Chap. 6 where foraging behavior is described as a space-and time-continuous process but transition between consequent generations (multiplication) is described as a time-discrete map.
The analysis of Chaps. 4-6 is mostly focused on self-organized behavior in a homogeneous and isotropic environment. This assumption is relaxed in Chaps. 7 and 8. In particular, Chap. 7 considers population models when individual movement is anisotropic, e.g., occurring in an environment with a directional bias. The population dynamics of wolves in a forest with seismic lines is used as an instructive example. Chapter 8 considers complex foraging behavior of zooplankton in a preypredator (e.g., phyto-zooplankton) system in a vertically stratified water column. Interestingly, the behavioral response to stratification can result in a change of the predator function response, so that the Holling type II response assumed in local grazing gives way to type III after averaging over water column height.
Part III (Chaps. 9-13) considers dispersal and its implications on the level of populations and communities. One of the main objectives here is to understand how the population abundance, e.g., as quantified by the population density, changes in space and time because of the interplay between dispersal and the local population dynamics. The two phenomena that are essentially attributed to this interplay are biological invasion and population range shift (Chaps. 9 and 10). The properties of dispersal may affect the rate of species spread significantly. For instance, it is well known that fat-tailed dispersal can increase the invasion rate considerably. It therefore becomes important to develop analytical approaches which allow us to reveal the properties of the dispersal kernel (Chap. 9) and to better understand how the population behavior depends on the kernel used.
Another major issue is population dynamics on a fragmented habitat. Dispersal coupling results in the possibility of re-colonization of empty patches. Chapter 11 shows that the effect of re-colonization can be subtle and counterintuitive depending on how much detail of the food web is taken into account.
With the spatiotemporal complexity of dispersal in mind, perhaps it is not surprising that dispersal has not only ecological but also evolutionary implications. Chapter 12 considers interaction between the processes going on different temporal scales and concludes that dispersal coupled with non-local resource consumption can be a crucial factor resulting in speciation.
Finally, Chap. 13 considers the implication of dispersal-regarded here as diffusion-for the pest population size estimation commonly required in pest control programs. Somewhat counterintuitively, it shows that a pest with a lower diffusivity may be more difficult to monitor than a highly mobile one.
The idea of this book emerged and was eventually shaped into its final form during a series of meetings, in particular at the conference Models in Population Dynamics and Ecology 2010 (Leicester, September 1-3, 2010) and the MBI Workshop: Ecology and Control of Invasive Species (Columbus, February 21-25, 2011) . Obviously, considerable progress has been made over the last two decades in understanding all aspects of dispersal, as can be traced from the references provided with the chapters. Appreciation of the diversity of studies focused on or closely related to dispersal led to the feeling that an account of the state of the art in this field may be timely and useful. It is for the reader to decide whether this goal has been achieved and how comprehensive is the account. Whichever is the case, we hope that this book is going to be stimulating for future research.
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